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ABSTRACT 

Background: We pooled data from 7 ongoing cohorts in Japan involving 353 422 adults (162 092 men and 191 330 
women) to quantify the effect of body mass index (BMI) on total and cause-specific (cancer, heart disease, and 
cerebrovascular disease) mortality and identify optimal BMI ranges for middle-aged and elderly Japanese. 
Methods: During a mean follow-up of 12.5 years, 41 260 deaths occurred. The Cox proportional hazards model was 
used to estimate hazard ratios (HRs) for each BMI category, after controlling for age, area of residence, smoking, 
drinking, history of hypertension, diabetes, and physical activity in each study. A random-effects model was used to 
obtain summary measures. 

Results: A reverse-J pattern was seen for all-cause and cancer mortality (elevated risk only for high BMI in women) 
and a U- or J-shaped association was seen for heart disease and cerebrovascular disease mortality. For total mortality, 
as compared with a BMI of 23 to 25, the HR was 1.78 for 14 to 19, 1.27 for 19 to 21, 1.11 for 21 to 23, and 1.36 for 
30 to 40 in men, and 1.61 for 14 to 19, 1.17 for 19 to 21, 1.08 for 27 to 30, and 1.37 for 30 to 40 in women. High 
BMI (>27) accounted for 0.9% and 1.5% of total mortality in men and women, respectively. 
Conclusions: The lowest risk of total mortality and mortality from major causes of disease was observed for a BMI 
of 21 to 27kg/m^ in middle-aged and elderly Japanese. 

Key words: body mass index; mortality; cancer; heart disease; cerebrovascular disease 



INTRODUCTION 

Obesity is responsible for a serious health burden because of 
its association with type 2 diabetes mellitus, cardiovascular 
diseases, and some types of cancer' As a measure of relative 
body weight, body mass index (BMI) is an easy-to-obtain, 
acceptable proxy for thinness and fatness, and has been found 
to be directly related to health risks and death rates in many 



populations. According to the World Health Organization 
(WHO), the currently recommended BMI cut-off points for 
overweight and obesity are 25 kg/vn? or greater and 30 kg/m^ 
or greater, respectively. 

Although these criteria were intended for international use, 
debate has centered on using the same cut-off points for 
Asian populations because of the high prevalence in those 
populations of type 2 diabetes mellitus and cardiovascular 
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disease risk factors in individuals with a BMI less than 25 
kg/m^, as well as differences in the relationships between 
BMI, body fat percentage, and body fat distribution.^ In 
2002, a WHO expert consultation addressed this issue and 
concluded that there were no clear cut-off points for 
overweight and obesity in Asians. Based on international 
classifications, the consultation defined a BMI cut-off point of 
23 kg/m^ or greater as "increased risk" and a cut-off point of 
greater than 27.5 kg/m^ as "high risk".^ However, in a recent, 
large pooled analysis of more than 1.1 million Asians, 
different patterns of association were observed between East 
Asians (Chinese, Japanese, and Koreans) and other Asians 
(Indians and Bangladeshis)."* Among East Asians, the lowest 
risk of death was seen among those with a BMI of 22.6 to 
27.5, and the risk was elevated among those with a BMI 
higher or lower than that range. In the cohorts comprising 
Indians and Bangladeshis, the risk of death was increased for 
a BMI of 20.0 or less as compared with those with a BMI of 
22.6 to 25.0, and there was no increase in risk associated with 
a high BMI. Considering the variation just within Asia, 
coimtry-specific BMI cut-off points should be developed for 
public health interventions. 

To date, many prospective cohort studies have evaluated the 
association between BMI and mortality in the Japanese 
population^"'"; some showed a U-shaped^'^ or reverse 
J-shaped association, but others did not.^'*'^ These studies 
defined BMI categories differently and controlled for different 
confounding variables. In the present study, we pooled 7 
cohort studies in Japan to clarify the role of relative body 
weight on total mortality and major causes of mortality 
(cancer, heart disease, and cerebrovascular disease) in the 
Japanese population. In the present analysis of more than 
350000 subjects we also aimed to identify an optimal BMI 
range for middle-aged and elderly Japanese. 

METHODS 

Study population 

In 2006, the Research Group for the Development and 
Evaluation of Cancer Prevention Strategies in Japan initiated a 
pooling project using original data from major cohort studies 
to evaluate the association between lifestyle and major forms 
of cancer and mortality in Japanese. Topics for the pooled 
analysis were determined on the basis of discussions among 
all authors and were evaluated with respect to their scientific 
and public health importance."''^ To maintain the quality and 
comparability of data, we established a priori inclusion 
criteria: namely, population-based cohort studies that (1) 
were conducted in Japan and started in the mid-1980s to 
mid-1990s, (2) included more than 30000 participants, (3) 
obtained information on BMI calculated by height and weight 
reported in a validated questionnaire at baseline, and (4) 
collected any cause of mortality during the follow-up period. 
Seven ongoing studies that met these criteria were identified: 



the Japan Public Health Center-based Prospective Study, 
Cohort I (JPHC-I)'^; the Japan Public Health Center- 
Based Prospective Study, Cohort II (JPHC-Il)'^ the Japan 
Collaborative Cohort Study (JACC)"*; the Miyagi Cohort 
Study (MIYAGI)'^; the Ohsaki National Health Insurance 
Cohort Study (OHSAKI)""; the Three-Prefecture Aichi (3-pref 
AICHl)'^; and the Takayama Study (TAKAYAMA).'^ When 
analyzing individual results of each study, subjects with 
a previous history of any cancer, stroke, or myocardial 
infarction or with missing or implausible data (BMI <14 or 
>40) on BMI were excluded. Table 1 profiles the studies 
included in the analyses. Each study was approved by the 
appropriate institutional review board. 

Follow-up and outcome ascertainment 

Subjects were followed from the baseline survey (JPHC-I, 
1990; JPHC-II, 1993-1994; JACC, 1988-1990; MIYAGI, 
1990; OHSAKI, 1994; 3-pref AICHI, 1985; TAKAYAMA, 
1992) to the last date of follow-up for any cause of mortality 
(JPHC-I, 2005; IPHC-II, 2005; JACC, 2006; MIYAGI, 2004 
[2001 for cause-specific mortality]; OHSAKI, 2006; 3-pref 
AICHI, 2000; TAKAYAMA, 1999) in each study. Residence 
status, including survival, was confirmed through the 
residential registry. 

Information on cause of death was obtained from death 
certificates provided by the Ministry of Health, Labour and 
Welfare with the permission of the Ministry of Internal Affairs 
and Communications. Cause of death was defined according 
to the International Classification of Disease, 10th version 
(ICD-10)." Resident and death registration are required by 
law in Japan. The outcome of the present study was defined 
as all-cause mortality, including the 3 major causes of death 
among Japanese, specifically, cancer (ICD-10: C00-C97), 
heart disease (lCD-10: 120-152), and cerebrovascular disease 
(ICD-10: 160-169). 

BIVII assessment 

Body weight and height were self-reported in the baseline 
questionnaire conducted at each study. BMI was calculated 
as weight divided by the square of the height (kg/m^). It was 
then divided into 7 categories using cut-off points that were 
identical among the studies, that is, 14 to 18.9, 19 to 20.9, 21 
to 22.9, 23 to 24.9 (reference), 25 to 26.9, 27 to 29.9, and 
30 to 39.9 kg/m^. The cut-off points were derived fi^om a 
US study (<21, 21.0-22.9, 23.0-24.9, 25.0-26.9, 27.0-29.9, 
and >30.0kg/m^) that enrolled a reasonably large number 
of subjects and carefiiUy accounted for methodologic 
problems.^" Due to the large number of lean people, 
individuals with a BMI less than 2 1 kg/w? were subdivided 
into 2 groups in the present analysis: 14.0 to 18.9kg/m^ and 
19 to 20.9 kg/m^. This decision was based on our observation 
in the JPHC study that both BMI extremes are important 
determinants of total mortality^ and cancer occurrence and 
mortality.^' 
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Statistical analysis 

Time at risk was calculated as the duration from the date of the 
baseline survey in each study until the date of death or end of 
follow-up, whichever came first. In each study, sex-specific 
hazard ratios (HRs) and their 95% confidence intervals (CIs) 
were estimated for all-cause and cause-specific (cancer, heart 
disease, cerebrovascular disease, and other) mortality for each 
BMI category using the Cox proportional hazards model. 
Each study performed 2 t5^es of adjustment for estimation of 
HRs: age (years, continuous) and area (JPHC-I, JPHC-Il, and 
JACC only) (HRl). Further multivariate adjustments were 
conducted by including covariates in the model that were 
either known or suspected confounding factors, ie, cigarette 
smoking (for men: never smoker, past smoker, current smoker 
of 1 to 19 cigarettes/day or >20 cigarettes/day; for women: 
never smoker, past smoker, or current smoker), alcohol 
drinking (nondrinkers [never- and ex-drinker], occasional 
drinkers [less than once per week], regular drinkers [almost 
daily for OHSAKI and 3-pref AICHI; >5 days/week for 
JPHCI, JPHCII, and JACC; >5 times/week for MIYAGI; and 
>4 to 6 days/week for TAKAYAMA]), history of hypertension 
(no, yes), history of diabetes (no, yes), and leisure-time sports 
or physical exercise (less than almost daily, almost daily) 
(HR2). All included studies were population-based, and blood 
data were available for only a part of 1 study. We therefore 
used self-reported past history of diseases to control for 
hypertension and diabetes. We conducted an additional 
analysis that excluded deaths within 5 years from both the 
numerator and denominator (HR3).^^'^^ For men, we 
conducted stratified analysis by smoking status, namely, of 
never smokers and current smokers. An indicator term for 
missing data was created for each covariate.^"* SAS (version 
9.1; SAS Institute, Gary, NG, USA) and Stata (version 11; 
Stata Corporation, College Station, TX, USA) statistical 
software were used for these analyses. 

A random-effects model was used to obtain summary 
measures of the HRs from the individual studies for 
each category. The study-specific HRs were weighted by the 
inverse of the sum of their variance and the estimated 
between-studies variance component. These values from the 
individual studies were then combined using a random-effects 
model. The impact of heterogeneity was measured by using 
the f statistic, which describes the proportion of total 
variation in study estimates that is due to heterogeneity. 
Although there is no universal rule to define mild, moderate, 
or severe heterogeneity, it is reasonable to assume that a value 
less than 30% represents mild heterogeneity and that a value 
greater than 50% represents substantial heterogeneity.^^ Stata 
software was used for the meta-analysis. 

In addition, to express the impact of BMI on the risk 
of mortality, the population-attributable fraction (PAF) 
was estimated and expressed as a percentage.^* Using HR2 
and prevalence in each category, we calculated the PAF 
attributable to high BMI (>27kg/m^ for men and women). 



assuming subjects in these BMI categories moved to the 
reference category (23-25 kg/m^). The reference category was 
based on the BMI range in which total mortality was lowest 
for men and women, respectively. We applied this reference 
category to all end points, and when the HR was less than 1.0, 
the PAF was calculated as a minus value. This occurred 
in only 1 category: the PAF of cancer due to a BMI of 27 
to 30kg/m^ in men was -0.10%, and together with the PAF 
due to a BMI of 30 to 40 (0.29%), the PAF of cancer due to 
high BMI (>27kg/m2) was 0.2%. 

RESULTS 

The present study included 353 422 adults (162 092 men and 
191 330 women) from 7 ongoing large-scale, population- 
based, prospective studies in Japan (Table 1). During 
4 399108 person-years of follow-up (mean 12.5 years/ 
person), 41260 deaths were identified (25 944 men and 
15 316 women), including 15 690 deaths from cancer (10 115 
men and 5575 women), 5940 deaths from heart disease (3378 
men and 2562 women), 5071 deaths from cerebrovascular 
disease (2820 men and 2251 women), and 14451 deaths from 
other causes (8950 men and 5501 women). The baseline 
characteristics of the study subjects by BMI category have 
been previously published.'*'^'^'^'^'''^^^^ 

Table 2 summarizes the results of pooled analyses of 
BMI and mortality in men. When the model was fully 
adjusted for confounding variables (HR2), a reverse J-shaped 
association was observed for mortality from all causes, cancer, 
and other causes. Regarding these outcomes, a statistically 
significant increased risk was observed for all 3 categories 
among individuals with a BMI less than 23. As compared 
with a BMI range of 23 to 25 kg/m^, the HRs for BMI ranges 
14 to 19, 19 to 21, and 21 to 23kg/m2 were 1.78, 1.27, 
and 1.11 for all-cause death, 1.44, 1.23, and 1.10 for cancer 
death, and 2.15, 1.42, and 1.17 for other-cause death, 
respectively. The HR continued to decrease even for a 
BMI greater than ISkglm^, and the BMI range 25 to 27 
kg/m^ seemed to be the lowest risk group for these outcomes. 
Increased risk among individuals with a high BMI was limited 
to those with a BMI of 30 to 40kg/m2 (obesity); the HR 
was 1.36 for all-cause death (statistically significant), 1.20 
for cancer death (not statistically significant), and 1.29 for 
other-cause death (not statistically significant). 

For heart disease and cerebrovascular disease, a U-shaped 
or J-shaped association was observed. A statistically 
significant increased risk was observed for both the high 
and low BMI ranges. The HR was similar or slightly higher 
for a high BMI; the HRs for a BMI of 14 to 19, 19 to 21, and 
30 to 40kg/m^ were 1.45, 1.11, and 1.71 for heart disease and 
1.53, 1.28, and 1.64 for cerebrovascular disease, respectively. 

When subjects who died in the first 5 years of follow- 
up were excluded, most results were attenuated, but still 
significant (HR3). Through this process, the / for the lowest 
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category improved, which suggests that different conditions 
of early death across studies were the main reason for the 
heterogeneity seen among individuals with a lower BMl. Due 
to the relatively small number of subjects in the highest BMI 
category, the same process increased the f in some outcomes 
for that category. 

In women, a reverse J-shaped association was also observed 
for all-cause and other-cause mortality, but not for cancer 
(Table 3). For all-cause mortality, after fully adjusting for 
potential confounding factors (HR2) and using a BMI range 
of 23 to 25 kg/m^ as the basis for comparison, the HRs for 
BMI ranges 14 to 19, 19 to 21, 27 to 30, and 30 to AQkglm^ 
were estimated as 1.61, 1.17, 1.08, and 1.37, respectively. 
For cancer, a statistically significant increased risk was 
observed only for obesity, and there was no evidence of 
increased risk at any lower BMI range. After fiilly adjusting 
for confounding factors (HR2) and comparing with BMI 
range 23 to 25kg/m2, the HR for BMI range 30 to 40kg/m2 
was 1.25. As with men, a U-shaped or J-shaped association 
was observed for heart disease and cerebrovascular disease 
in women. The risk elevation at lower and higher BMIs 
was more apparent for heart disease: the HRs for BMI ranges 
14 to 19 and 30 to 40kg/m2 were 1.77 and 1.79 for heart 
disease and 1.44 and 1.30 for cerebrovascular disease, 
respectively. For all-cause and other-cause mortality, 
exclusion of early deaths slightly attenuated the results, but 
they remained significant. Furthermore, heterogeneity seen in 
the lowest category became nonsignificant. 

When men were stratified by smoking status, the association 
between mortality and low BMI was generally more pro- 
nounced among current smokers than among never smokers 
(Table 4). This modification effect was most pronounced in 
cancer mortality, for which the observed risk elevation in the 
low BMI range disappeared among never smokers but 
remained among current smokers. The HRs for BMI ranges 
14 to 19, 19 to 21, and 21 to 23kg/m2 were 1.05, 0.96, and 
0.95, respectively, for never smokers and 1.49, 1.23, and 1.11 
for current smokers. The heterogeneity in outcomes may be 
due in part to the relatively small sample size in the stratified 
analysis, and the results may not affect the above findings. 

The data suggest that approximately 0.9% and 1.5% 
of total deaths were attributable to a high BMI (>27 kg/m^) 
in men and women, respectively, as were 0.2% and 1.0% 
of cancer deaths, 2.8% and 2.7% of heart disease deaths, 
and 1.5% and 1.9% of cerebrovascular deaths. 

DISCUSSION 

In this pooled analysis of more than 350 000 Japanese, an 
elevated risk of all-cause mortality for both high and low BMI 
levels was observed in both sexes. This association remained 
after excluding early deaths during follow-up and after 
restricting the analysis to never smokers (in men). The 
results conform with most previous cohort studies in Japan, 



which showed a U-shaped^'' or reverse J-shaped association.'^ 
Other studies showed no obvious increase in risk due to 
obesity in men^'* or women,^ due to the older age of the 
subjects or the small number of subjects in the respective 
categories. All-cause mortality was lowest at a BMI range of 
23 to 27kg/m^ in men and 21 to 27kg/m^ in women. Above 
this range, a significant increase in risk was observed only at a 
BMI range of 30 to 40 kg/m^ in men and 27 kg/m'^ or higher in 
women. Men with a BMI of 27 to 30kg/m-^ had a slightly 
elevated risk, which was not statistically significant. Four of 
7 individual studies included in the pooled analysis showed 
an elevated risk, and among these, 3 found a statistically 
significant association; the HR range was 1.13 to 1.36. 
Therefore, we believe that a BMI greater than 27 kg/m^ should 
be defined as a high-risk group for overall mortality in both 
men and women and that it is not necessary to set a higher or 
lower cut-off point in this population. 

Cancer accounted for 37% (39% in men and 35% in women) 
of overall deaths. The association of BMI with cancer was 
simileir to that observed for BMI and all-cause mortality in 
men. It has been observed in many studies that low BMI is 
associated with increased risk of cancer.^''^''^" As the effect- 
measure modification by cigarette smoking suggests, the risk 
elevation with low BMI in men is probably mostly due to 
smoking-related cancers (eg, cancers of the lung and esoph- 
agus, among others). In this population, most women were 
nonsmokers and thus no risk elevation was observed among 
women with a low BMI. Evidence of a positive association 
between high BMI and cancer risk comes mainly from Western 
populations, as shown in the Cancer Prevention Study-tf'"^'' 
and the Million Women Study.^^'-'* Among previous cohort 
studies conducted in Japan, only 1 showed a statistically 
significant positive association between high BMI and cancer 
incidence in women, which was attributed to cancers of 
the breast (postmenopausal), endometrium, gallbladder, and 
colorectum.^^ That study and another study^' suggested that 
men were also at increased risk, and another study foimd that 
both men and women were at increased risk.^" However, 
none of these findings were statistically significant. This may 
be due to the smaller proportion of overweight people in 
Japan as compared with Western countries. By pooling data, 
the present study revealed that obesity does increase the risk 
of mortality fi'om cancer, although the contribution to the 
overall cancer burden was small. 

For heart disease and cerebrovascular disease, a U- or 
J-shaped association was observed among men and women. 
Many epidemiologic studies have shown that obesity is a 
significant risk factor for developing heart disease and 
cerebrovascular disease. A continuous positive association 
was observed between BMI and the incidences of ischemic 
heart disease and stroke^^ and mortality^' in collaborative 
analyses of prospective studies involving 310 000 participants 
from the Asia-Pacific region and 900 000 participants mainly 
from Western Europe and North America, respectively. In 
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particular, dyslipidemia, diabetes mellitus, and hypertension 
are positively related to obesity.^^"^' These intermediate 
factors related to the disease may be largely accounted for 
by the elevated risk associated with a high BMI. However, the 
elevated risk was still significant even after controlling for 
histories of diabetes and hypertension (HR2). This suggests 
that another mechanism not explained by these factors might 
exist within the pathway. Funada et al and Cui et al reported 
an elevated risk of ischemic heart disease and hemorrhagic 
stroke not only among individuals with a high BMI, but 
also among those with a low BMI.^^'^** Several studies 
identified an association between low serum cholesterol 
level and hemorrhagic stroke. Serum cholesterol level is 
positively correlated with BMI, which might explain the 
finding of elevated risk of hemorrhagic stroke among those 
with a low BMI. However, a definitive interpretation is not 
possible and fiirther studies of the causal mechanisms linking 
low cholesterol and hemorrhagic stroke are needed."*^ 
In addition to cigarette smoking and preexisting disease, 
suggested mechanisms for the observed elevated risk of heart 
disease and cerebrovascular disease among individuals with 
low BMI include several cardiovascular abnormalities, 
such as reduced ventricular mass, valvular dysfimction, 
electrocardiographic changes, cardiac myofibril damage, and 
compromised immunity.^** 

As was the case for cause-specific mortality and all-cause 
mortality, both high and low BMI values were related to 
excess risk of other-cause mortality. Although the specific 
causes of death are unknown, some interpretations are 
possible. As mentioned above, a high BMI is associated 
with an increased risk of major chronic diseases and more 
people are likely to die irom the complications of such 
diseases. Elevated risk was also observed among those with 
a low BMI, which suggests that people with a low BMI have 
less resistance to various diseases, including infectious, 
respiratory, or inflammatory diseases. 

In Western countries, more attention is paid to overweight 
and obesity than to low BMI. In a collaborative analysis of 
data fi-om 57 prospective studies of almost 900 000 adults, 
mostly in Westem Europe and North America, a U-shaped 
association, similar to ours, was observed for overall 
mortality, with the lowest risk at a BMI of 22.5 to 25 kg/m^ 
after controlling for early follow-up and smoking status.^^ 
However, the PAF was calculated for higher BMIs only, 
which seemed to be largely causal. Based on the relative risks 
and recent population BMI values, approximately 29% of 
vascular deaths and 8% of neoplastic deaths in late middle 
age in the United States were attributable to having 
a BMI greater than 25kg/m^. In the United Kingdom, 
the corresponding proportions were approximately 23% 
and 6%. In France, a working group of the International 
Agency for Research on Cancer reported that the PAF 
of all-cancer mortality due to obesity and overweight — 
calculated by summing the results of obesity-related cancers 



(ie, esophageal [adenocarcinoma], colorectal, kidney, corpus 
uteri, and breast [in postmenopausal women] cancers) — ^was 
1.1% for men and 2.3% for women. 

The elevated risk of mortality among those within the low 
BMI range was most apparent for diseases of other causes, 
whose past history was not deleted. This indicates that reverse 
causation, namely, bias caused by preexisting illness and 
attendant weight loss, might partially explain the observed 
findings. To eliminate this possibility, we excluded deaths 
within 5 years, the method most frequently proposed to 
control for possible illness-related weight loss (IRWL).^^ 
We found that most RRs were attenuated and that 
heterogeneity across studies improved in the low BMI 
range. In the high BMI range, some RRs were attenuated 
while others were not, CIs increased, and heterogeneity 
was unchanged or increased. Using this indirect approach, 
individuals with IRWL are not necessarily excluded and those 
who are excluded do not necessarily have IRWL, which could 
introduce new sources of bias. Because no adequate method 
has been established to control for the effect of reverse 
causation, it is not possible to totally eliminate or clearly 
reveal the magnitude of the effect. However, the high 
prevalence of lean people in Japan indicates that a low BMI 
might be associated with mortality risk. In a pooled analysis 
of more than 1 million Asians, Zheng et al observed that 
underweight was associated with a substantially increased risk 
of death in all Asian populations."* They indicated that 
inadequate or incomplete control of confounding or reverse- 
causation bias might, in part, explain this increased risk. As 
Flegal et al indicate in their recent study, there is a need 
for studies with a more restricted focus and greater detail. 
Such studies might consider weight change or develop new 
methods of causal modeling.''^ 

This study has several limitations. First, measures of 
abdominal obesity, such as waist circumference and waist-to- 
hip ratio, were not available. In the European Prospective 
Investigation on Cancer prospective study, both waist circum- 
ference and waist-to-hip ratio were strongly associated with risk 
of death, independent of BMI."** Therefore, the number of 
deaths attributable to all adiposity-related factors is probably 
greater than the present estimates. Second, the present BMI 
calculation was based on self-reported values. To minimize 
the effect of unreliable reporting, we excluded individuals 
reporting a BMI less than 14 or 40kg/m^ or higher. In the 
Takayama Study, the intraclass correlation coefficients between 
self-reported and measured height and weight in a subsample 
were 0.93 and 0.97 in both sexes, respectively.*^ In the JPHC 
study (combined JPHC-I and II, corresponding to 3 1 .3% of the 
pooled dataset), self-reported BMI was slightly lower than 
measured BMI. In comparing self-reported height and weight 
with available data from health check-ups (11274 men and 
21 196 women), the Spearman correlation coefficient was 0.89 
and 0.90 for men and women, respectively.^' Similar 
underestimates of BMI, especially at higher weights, were 



J Epidemiol 2011 ;21(6):41 7-430 



Sasazuki S, et al. 



429 



also observed in a Western population. It is uncertain whether 
the same was true for the other 4 studies; however, excess risk 
was observed only for a BMI of 30 kg/m^ or higher across most 
of the end points, and the abovementioned effect is not likely to 
be large. Third, we used only single-point measurements of 
BMI as an exposure and did not capture weight change during 
the period. Accumulating evidence suggests that both weight 
gain and loss in adult life are associated with increased risk of 
mortality. We have previously observed that mortality from all 
causes and cancer is elevated by a weight loss of 5 kg or more 
after age 20 years'*^ and during middle age,'*'' whereas mortality 
from cardiovascular disease is elevated by a weight loss of 
5 kg or more after age 20 in men'*^ and weight gain during 
middle age in women.'*^ Our combined findings indicate 
that maintaining an adequate weight in adulthood may be 
an important strategy for improving mortality in Japan. 
Limitations might also exist due to the process used for 
handling missing values. We chose to create an indicator term 
for missing data for each covariate, which might have led to 
biased estimates of the overall effect of the study exposure.^" 

The strength of this study is that it included most of the 
ongoing prospective studies in Japan, with overlapping birth 
generations and a similar survey time period. Therefore, pooling 
of these studies allows for a stable quantitative estimate of 
the impact of relative weight among Japanese. In addition, 
the categories of BMI and covariates used were identical 
among studies, which removes a potential source of hetero- 
geneity that can occur in a meta-analysis of published literature. 

In summary, the lowest risks of total mortality and 
mortality from major causes of diseases were observed at a 
BMI of 23 to 27 kg/m^ for men and 21 to 27 kg/m^ for women 
in middle-aged and elderly Japanese. Because there was no 
elevation of risk for a BMI of 21 to 23 in never-smoking men, 
we conclude that a BMI of 21 to 27kg/m^ is associated with 
the lowest mortality risk in both sexes. 
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